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IPFAbstract Background: Idiopathic pulmonary ﬁbrosis (IPF) is a speciﬁc type of chronic, progres-
sive interstitial pneumonia with ﬁbrosing nature of tracheobronchial tree.
Purpose: Assessment of tracheographic changes associated with or induced by (IPF) using echo-
tracheography in contrast to computed tomography (CT) neck for tracheal examination.
Patients and methods: A prospective study was conducted on 62 IPF patients subjected to CT
neck followed by transtracheal ultrasonography with assessment of internal transverse tracheal
diameter, tracheal wall thickness, central tracheal wall depth, tracheal echogenicity, histogram
and endoluminal lesions.
Results: Internal transverse tracheal diameter, tracheal wall thickness and central tracheal wall
depth were lower in IPF patients than control cases by both tracheoechographic and CT tracheo-
graphic assessment. Internal transverse tracheal diameter showed very weak agreement like tracheal
wall thickness that showed weak agreement unlike central tracheal wall depth that showed very good
agreement with CT neck. Degree of variation between ultrasound (US) and CT was low regarding
tracheal wall thickness and central tracheal wall depth (6.6% and 2.7%, respectively). Tracheoech-
ography entirely in our study presented acceptable degree of agreement (k= 0.53) and low degree of
variation (4.5%) in contrast to CT trachea. Signiﬁcant statistical differences were present regarding
degree of agreement denoting presence of strong differences between IPF patients and control cases.
Conclusion: IPF can be well thought-out as ﬁbrotic lung disease may be linked with tracheal ﬁbro-
tic changes that portent the process of airway affection using ultrasonography. Tracheoechography
can substitute for diagnostic dilemma of IPF induced tracheal changes akin to CT tracheography.
ª 2014 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier
B.V. All rights reserved.d.
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Idiopathic pulmonary ﬁbrosis (IPF) is a characteristic type of
interstitial lung disease (ILD) of unknown cause that has come
to be recognized by a unique compilation of clinical, radio-
graphic and pathological abnormalities leading to progressive
breathlessness and death in most instances. Pathological
changes of IPF often affect the tracheobronchial tree while sub-
pleural tissue and paraseptal parenchyma are most severely
affected. IPF is characterized by an inexorable progression of
interstitial ﬁbrosis resulting in restrictive lung disease and wors-
ening gas exchange leading to respiratory failure in the majority
of patients. The hallmark of IPF is an exorbitant production of
extracellular matrix molecules, including collagen, hyaluronan,
and a variety of proteoglycans. That matrix degrading enzymes
are involved in the destruction of basement membranes, trig-
gering a cascade of events beginning with ‘‘frustrated’’ epithe-
lial cells and resulting in a ﬁbroproliferative response [1].
The trachea is considered one of the airways to be affected
in this parenchymal disorder. It extends from the lower border
of the larynx (2 cm below the vocal cords) to the carina, where
it bifurcates into the main-stem bronchi. The average tracheal
length is 10–12 cm, and the normal angle of the tracheal bifur-
cation is 70 ± 20 degrees. With deep inspiration, the tracheal
length increases by as much as 2 cm and the angle of the tra-
cheal bifurcation decreases by up to 10 [2,3]. The trachea is
supported anteriorly and laterally by 18–22 semicircular
incomplete rings of cartilage; this corresponds to 2 cartilage
elements per centimeter of tracheal length. Tracheal cartilages
can be narrowed in elderly with a predilection for women and
patients with ﬁbrotic pulmonary disorder. The posterior
(membranous) tracheal wall consists of longitudinally aligned
smooth muscle and ﬁbrous connective tissue. The normal
internal transverse diameter of the trachea ranges between 15
and 25 mm, with a cross-sectional area of 250–350 mm2 and
a volume of 30–40 cm3 at total lung capacity [2,4]. The trans-
verse diameter of the trachea increases by 10% with deep inspi-
ration [4]. Tracheal narrowing may affect a short or a long
segment and may extend to the main-stem bronchi. Tracheal
disease initially missed on the chest radiograph is usually evi-
dent on careful evaluation of the frontal and lateral radiograph
[5]. Computed tomography (CT) allows precise delineation of
the intratracheal and extratracheal extent of the abnormality.
Multidetector CT (MDCT), by combining helical volumetric
CT acquisition and thin collimation during a single breath-
hold, provides an accurate assessment of the proximal airways,
allowing multiplanar reformations and three-dimensional (3D)
rendering of very high quality. Complementary CT acquisition
at suspended or continuous expiration allows tracheal collaps-
ibility to be assessed [6].
On CT, the tracheal wall is usually visible as a 1–3-mm soft-
tissue stripe, delineated internally by air in the tracheal lumen
and externally by mediastinal fat or lung. The posterior tra-
cheal wall appears thinner and more variable in contour
because of its lack of cartilage; it can appear convex, concave,
or ﬂat. Cartilage in the tracheal wall may appear slightly den-
ser than surrounding fat and soft tissue. Calciﬁcation of carti-
lage is most common in older cases, particularly women [7].
During forced expiration, CT typically shows signiﬁcant ante-
rior bulging of the posterior membrane of the intrathoracic
trachea; the anterior and lateral tracheal walls change little.As shown on dynamic CT, the mean anteroposterior diameter
of the trachea decreases 32% during forced expiration,
whereas the transverse diameter decreases by only 13% [8].
The ultrasound (US) has been used in clinical medicine
since the early 1900s and its use in the air way management
has been published since then. It has been used to visualize
the upper airway; trachea, pleural cavity and lung. Ultrasound
is now more readily available and its advantages over the other
radiological methods are the safety, and the simplicity, being
noninvasive and the repeatability [9]. This is likely secondary
to the low cost, portability and relatively short learning curve
associated with its use. When combined with a thorough
knowledge of regional anatomy and practical skills in US tech-
nology, it can supply a vast amount of information which can
be used to advance the quality of care delivered to the patients.
Ultrasound imaging depends on transmission and reﬂection of
acoustic waves through a medium. Airways are superﬁcial
structures and ﬁlled with air of high acoustic impedance which
does not allow proper transmission of signals through the air-
ﬁlled passage hence produces a poor ultrasound image. The
modern ultrasound systems are equipped with multiarray
and variable frequency transducers that combined with cross
beam imaging facility and improved lateral and spatial resolu-
tion which produce high quality images with better deﬁnition
of superﬁcial soft tissues and airways [10,11]. The transverse
diameter of the trachea in the neck can be visualized by ultra-
sonography [12], but the AP diameter cannot be assessed
because the acoustic shadow that is generated by the air col-
umn obscures the location of the posterior tracheal wall. Ultra-
sound can also be used to assess the degree of cartilage damage
and the tracheal wall status in addition to luminal lesions [13].
Purpose
Assessment of tracheographic changes associated with or
induced by (IPF) in patients using echotracheography in con-
trast to computed tomography (CT) neck for tracheal
examination.
Patients and methods
This interventional prospective comparative study was con-
ducted on 62 patients admitted to Mansoura University Hos-
pitals in the period between August 2013 and August 2014 in
outpatient clinics and respiratory ward. All of them were in
the age range 35–64 years old with body mass index (BMI)
P25 kg/m2.
Patients were subdivided into two groups; group I: 30 nor-
mal healthy persons without debilitating diseases, group II: 32
patients already diagnosed as IPF (usual interstitial pneumo-
nia) with medical thoracoscopic biopsy or transbronchial lung
biopsy or conﬁdent CT ﬁndings. All cases in the study under-
went history taking and clinical examination with especial
attention to age, sex, BMI and smoking history.
They were subjected to CT neck followed by transtracheal
ultrasonography using Mindray ultrasound unit (DP 2200)
with a microconvex two dimensional high frequency probe
(5–10 MHz). CT neck was performed in supine position with
neck extended. Images were acquired with a multislice Light
Speed virtual CT (VCT) 64 scanner (General Electric, GEMS,
Milwaukee, USA) with the following technical parameters:
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120 mA and 120 kVp. Patients were positioned supine on the
CT table, and images were acquired in the craniocaudal direc-
tion from the soft palate to the level of carina. Acquisition time
was roughly 6 s to allow completion of the examination during
a single breath-hold. With combining helical volumetric CT
acquisition and thin collimation during a single breath-hold
accurate assessment of the proximal airways, allowing multi-
planar reformations and three-dimensional (3D) rendering
for measuring tracheal wall thickness, internal transverse tra-
cheal diameter; midway between cricoid cartilage and carina,
tracheal density was in HounseField unites assessed but in a
limited number of cases hence not included in statistical study.
Tracheal rings and tracheal wall anomalies and endotracheal
lesions concealing cervical part of trachea were examined.
Tracheoechography was performed in supine position over
the trachea at the level of cricoid cartilage till suprasternal
notch both in longitudinal and transverse axis taking in con-
sideration (tracheal thickness, internal transverse tracheal
diameter, tracheal echogenicity, histogram; degree of tissue
density, tracheal rings and tracheal wall anomalies and endo-
tracheal lesions concealing the cervical part of the trachea
(see Figs. 1 and 2).
Statistical analysis
Data were analyzed using SPSS (Statistical Package for Social
Sciences) version 21. Qualitative data were presented as num-
ber and percentage. Quantitative data were presented for nor-
mality by the Kolmogorov–Smirnov test. Normally distributed
data were presented as mean and standard deviation. Compar-
ison between groups was done using the Chi-square test. Stu-
dent t-test was used to compare between two groups. p value
<0.05 was considered signiﬁcant.
Agreement: It is the acceptance of the maneuver based on
diagnostic matching between the applied maneuver and the
ﬁnal results approached by all means.Figure 1 (A) A longitudinal view of the trachea, the air-mucosa
interface just beneath the tracheal wall. (B) A transverse view of
the trachea, SM (sternomastoid) muscle, Th G (thyroid gland) Eso
(esophagus) and arrows heads (anterior cartilaginous part of
tracheal wall).Kappa = It is the measurement of agreement of the test.
Kappa test scored between 0 to1.
0.0–0.50ﬁ very weak agreement 0.50–0.65ﬁ weak
agreement
0.65–0.75ﬁ good agreement 0.75–0.85ﬁ very good
agreement
0.85–0.95ﬁ excellent agreement 1ﬁ exact agreement
Results
The mean age of the studied population was 52.81 ± 7.085. In
group I it was 55.10 ± 5.67 years while in group II was
50.66 ± 7.66 years. Forty-nine were males (79%) and thirteen
of them were females (21%). As presented in Table 1 the mean
BMI in group I was 31.63 ± 2.23 on the other side of group II
it was 29.59 ± 2.50. Signiﬁcant statistical differences were
detected as regards age, sex and BMI.
Table 2 demonstrated that internal transverse tracheal
diameter, tracheal wall thickness and central tracheal wall
depth were lower in IPF patients than control cases by both
tracheoechographic and CT tracheographic assessment. Tra-
cheal wall abnormalities, endoluminal lesions and irregular
tracheal rings continuity were found only in group II. Higher
hypoechogenicity level prevailed in group I (70%) but complex
echogenicity was common in group II (40%). Signiﬁcant statis-
tical differences were detected by US between normal control
cases and IPF patients as regards internal transverse tracheal
diameter, central tracheal wall depth, histogram degree and
tracheal rings continuity. Alternatively, by CT internal trans-
verse tracheal diameter, central tracheal wall depth, tracheal
wall thickness and tracheal ring continuity showed statistical
signiﬁcance among both groups (p< 0.05).
Table 3 describes the degree of variation, the degree of
agreement and statistical signiﬁcance between tracheal US
and tracheal CT. The studied cases showed that internal trans-
verse tracheal diameter showed very weak agreement like tra-
cheal wall thickness that showed weak agreement unlike
central tracheal wall depth that showed very good agreement.
Degree of variation between US and CT was low regarding
internal transverse tracheal diameter, tracheal wall thickness
and central tracheal wall depth (4.2%, 6.6% and 2.7%, respec-
tively). Tracheoechography entirely in our study presented
acceptable degree of agreement (k= 0.531) and also low
degree of variation (4.5%) in contrast to CT tracheography.
Signiﬁcant statistical differences were present between both
groups regarding the degree of agreement denoting strong
differences between IPF patients and control cases.
Discussion
The trachea is a ﬂexible yet rigid tube which has the difﬁcult
task of moving, twisting and bending without any possibility
of narrowing or occlusion. It travels through different tissues
and external and internal pressures. It is ﬁxed at both extrem-
ities and has to comply with neck movement’s and chest pres-
sures [15]. The dimensions of the trachea vary according to the
age of the patient. In adults; the trachea is 8.5–15 cm long and
15–22 mm wide. The shape of the trachea also varies widely
Figure 2 (A) CT neck presents tracheal narrowing, thickening and calciﬁcations of wall (B) Tracheal ultrasound (white arrows show
luminal narrowing and black arrow show wall calciﬁcations (transverse view).
Table 1 Age, sex and body mass index distribution in the study population.
Group 1 N= 30 Group 2 N= 32 Total
Age 55.10 ± 5.67 50.66 ± 7.66 52.81 ± 7.085
p value 0.012*
BMI 31.63 ± 2.23 29.59 ± 2.50 30.58 ± 2.57
p value 0.001*
Sex Female 6 (20.0%) 7 (21.86%) 13 (21%)
Male 24 (80.0%) 25 (78.125%) 49 (79.0%)
Total 30 (100%) 32 (100%) 62 (100%)
48.4% 51.6% 100.0%
p value 0.039*
NB: * denotes signiﬁcant value (<0.05).
BMI = Body weight in kilogram/Height in meter2 [14].
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it may be spindle-shaped, cylindrical or hour-glass shaped [16].
Although IPF has long been considered as lone parenchy-
mal lung disease; recent advances described extrapulmonary
complications that may be related to the ﬁbrotic process or
induced by gas exchange abnormalities. Tracheal pathological
changes can be related to alteration of cartilage matrix or
induced by sequels of disease process although biopsy taking
of trachea was outside our scope in this study.
Although the trachea can be imaged with chest radiography
or ﬂuoroscopy, CT is the imaging test of choice to evaluate the
trachea and central airways with 2D planar or curved recon-
structions and 3D imaging including volume rendering (virtual
endoscopic views). The majority of airway abnormalities can
be adequately evaluated by axial CT images, but there are
some limitations of axial images for assessing the airways, such
as limited ability to detect subtle airway stenosis and wall
thickening; difﬁculty assessing the interfaces and surfaces of
airways that lie parallel to the axial plane; and generation of
a large number of images for review [17]. Ultrasound, by virtue
of looking through the neck, offers a secondary conﬁrmatory
method of visualization not subject to the same limitations
of CT neck and direct laryngoscopy. Ultrasonography has
long been criticized as being operator dependent in that read-
ings may be inﬂuenced by the experience of the operator.
In our study tracheal measurements in the form of internal
tracheal transverse diameter was narrower in IPF patients thancontrol cases, tracheal wall thickness and central tracheal wall
depth were also lower in IPF patients than control cases by
both tracheoechographic and CT tracheographic assessment
as described in Table 2. Tracheal wall abnormalities (e.g. ste-
nosis)., endoluminal lesions (e.g. polyps) and irregular tracheal
rings continuity were found only in group II signifying that
secondary consequences of IPF may affect trachea. Signiﬁcant
statistical differences were detected by ultrasonography
between normal control cases and IPF patients as regards
internal tracheal diameter central tracheal wall depth, histo-
gram degree and tracheal rings continuity. Alternatively, by
CT internal tracheal diameter, tracheal wall thickness and tra-
cheal ring continuity showed statistical signiﬁcance difference
among both groups suggesting pathological changes between
both groups in the same way both BMI and age of cases were
matched between both studied cases.
The variation degree and the level of agreement and statisti-
cal signiﬁcance between tracheal US and tracheal CT are well
described in Table 3. Internal transverse tracheal diameter
showed very weak agreement similar to tracheal wall thickness
that showed weak agreement denoting that either of those
radiological measurements has minor grade of differences, the
upper limits of normal internal transverse diameters, respec-
tively, in men are 22 mm and 27 mm; in women, they are
16 mm and 23 mm, respectively. unlike central tracheal wall
depth that showed very good agreement between US and tra-
cheal CT this owed to nearly ﬁxed measurement about 1 cm.
Table 2 Tracheoechographic versus CT tracheographic changes between control cases and IPF patients.
Parameter Group I N= 30 Group II N= 32 p value
Tracheoechographic changes
Internal transverse tracheal diameter 2.08 ± 0.117 1.75 ± 0.135 0.000*
Tracheal wall thickness 1.05 ± 0.086 0.94 ± 0.35 0.093
Central tracheal wall depth 3.51 ± 0.28 2.9 ± 0.533 0.000*
Histogram degree 14.37 ± 1.88 15.65 ± 2.12 0.015*
Tracheal wall echogenicity Complex 9 (30.0%) 13 (40.6%) 0.271
Hypoechoic 21 (70.0%) 19 (59.4%)
Tracheal wall abnormalities 0 (0.0%) 1 (3.1%) 0.516
Endo-luminal lesions 0 (0.0%) 2 (6.7%) 0.230
Tracheal ring continuity Ill deﬁned irregular 0 (0.0%) 26 (81.2%) 0.000*
Well deﬁned 30 (100.0%) 6 (18.8%)
CT Tracheographic changes
Internal transverse tracheal diameter 2.07 ± 0.11 1.79 ± 0.13 0.000*
Tracheal wall thickness 1.09 ± 0.86 0.95 ± 0.35 0.044*
Central tracheal wall depth 3.5 ± 0.27 2.96 ± 0.549 0.000*
Tracheal wall abnormalities 0 (0.0%) 1 (3.1%) 0.516
Endo-luminal lesions 0 (0.0%) 2 (6.7%) 0.230
Tracheal ring continuity Ill deﬁned irregular 0 (0.0%) 26 (81.2%) 0.000*
Well deﬁned 30 (100.0%) 6 (18.8%)
NB: * denotes signiﬁcant value (<0.05).
Table 2 demonstrated that internal transverse tracheal diameter, tracheal wall thickness and central tracheal wall depth were lower in IPF
patients than control cases by both tracheoechographic and CT tracheographic assessment. Tracheal wall abnormalities, endoluminal lesions
and irregular tracheal rings continuity were found only in group II. Higher hypoechogenicity level prevailed in group I (70%) but complex
echogenicity was common in group II (40%). Signiﬁcant statistical differences were detected by US between normal control cases and IPF
patients as regards internal transverse tracheal diameter, central tracheal wall depth, histogram degree and tracheal rings continuity. Alter-
natively, by CT internal transverse tracheal diameter, central tracheal wall depth, tracheal wall thickness and tracheal ring continuity showed
statistical signiﬁcance among both groups (p< 0.05).
Table 3 Agreement, Variation coefﬁcient between tracheoechography versus CT tracheography.
Parameter Group 1 N= 30 Group 2 N= 32 Overall
Internal transverse tracheal diameter by US/internal transverse tracheal diameter by CT
Degree of agreement (Kappa) 0.173 0.349 0.355
p value 0.000*
Variation coeﬃcient 4.7% 3.8% 4.2%
Tracheal wall thickness by US/tracheal wall thickness by CT
Degree of agreement (Kappa) 0.516 0.870 0.748
p value 0.000*
Variation coeﬃcient 6.5% 6.9% 6.6%
Central tracheal wall depth by US/Tracheal wall depth central by CT
Degree of agreement (Kappa) 0.402 0.549 0.491
p value 0.000*
Variation coeﬃcient 2.3% 3.1% 2.7%
Total degree of agreement 0.531
Total variation coeﬃcient 4.5%
NB: * denotes signiﬁcant value (<0.05).
Table 3 describes the degree of variation, the degree of agreement and statistical signiﬁcance between tracheal US and tracheal CT. The studied
cases showed that internal transverse tracheal diameter showed very weak agreement like tracheal wall thickness that showed weak agreement
unlike central tracheal wall depth that showed very good agreement. Degree of variation between US and CT was low regarding internal
transverse tracheal diameter, tracheal wall thickness and central tracheal wall depth (4.2%, 6.6% and 2.7%, respectively). Tracheoechography
entirely in our study presented acceptable degree of agreement (k= 0.531) and also low degree of variation (4.5%) in contrast to CT
tracheography. Signiﬁcant statistical differences were present between both groups regarding the degree of agreement denoting strong differ-
ences between IPF patients and control cases.
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internal transverse diameter, tracheal wall thickness and central
tracheal wall depth (4.2%, 6.6% and 2.7% respectively) sug-
gesting that US is considered to have an acceptable degree oftracheal dimension estimation. Entirely, tracheal US in our
study presented acceptable degree of agreement (k= 0.531)
and also low degree of variation (4.5%) in contrast to CT tra-
cheal examination. Yet no studies have demonstrated the value
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ary ﬁbrosis induced tracheal changes hence data concerning
this scope are limited. Signiﬁcant statistical differences were
present in both groups regarding degree of agreement denoting
strong differences between IPF patients and control cases.
Our results are in agreement with previous studies; in a study
by Singh et al., authors were able to visualize most of the rele-
vant anatomic structures of the upper airway in a group of 24
subjects by using either a linear or a curved transducer oriented
in one of the three planes: sagittal, parasagittal and transverse.
They reported that it may be difﬁcult to visualize posterior wall
of the trachea because of artifacts created by an intraluminal air
column [18]. Tracheal US can be used to assess the tracheal
width to determine the appropriate tube size which can be par-
ticularly useful in children [19]. Numerous studies and case
reports claim a decrease in the incidence of complications by
using US [20]. US can be used to assess the depth of trachea
and appropriate puncture point at the optimal intercartilagi-
nous space for tracheostomy tube placement [21,22].
Unfortunately, our study was found to have certain limita-
tions. US tracheography is a delicate procedure that requires
skilful training and technical improvements.
Better choice of ultrasound probe, as conventional convex
transducers need wide surface area hence large foot-print in
addition to patients that have neck deformities, short neck syn-
drome extreme tracheal deviations. Another point is most
ultrasound machines emit a beam width of 0.2–1.2 mm that
would minimize echographic view. Lastly ultrasound imaging
is not without dangers in the form of tissue heating with pro-
longed time of procedure and with high frequency transducers.
Conclusion
Idiopathic pulmonary ﬁbrosis can be considered as ﬁbrotic
lung disease associated with wide parenchymal and airways
affection, one of them was the tracheal wall that led to patho-
logical changes as wall thinning, hypoechogenicity, reduction
in transverse tracheal diameter, luminal and depth alterations
that ominously foretell the process of airway affection using
tracheoechography. Tracheoechography can substitute for
diagnostic dilemma of IPF induced tracheal changes bordering
on CT tracheography. In the future diagnostic workup, ultra-
sound has a great potential and can become routine in airway
manipulation.
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